The growing interest in inertial confinement fusion using heavy ions has elicited from the Los Alamos Scientific Laboratory a proposall to use a multi-channel radiofrequency quadrupole (RFQ) structure for the initial stage of the heavy-ion accelerator. The RFQ would have 4 channels in each module and each channel would accelerate 25 mA of Xe Based on experiments with xenon beam production with a high current duoPIGatron source at Chalk River Nuclear Laboratories2, a 245 keV 4-beam xenon injector has been designed for this 4-channel RFQ. The injector is of modular design with 4 small independent plasma sources mounted in a 10 cm square array on a common combined extraction and acceleration column. The electrodes have 4 separate sets of apertures and each channel produces a 29 mA beam for injection into its corresponding RFQ channel. This paper presents a conceptual design for the injector, code calculations for the column electrode design and results of a preliminary test carried out to verify the feasibility of the concept.
Introduction
At the present time one of the most promising approaches to inertial confinement fusion is the use of high energy (1-10 GeV), high power (, 100 TW) beams of heavy ions to implode and ignite a pellet. To achieve this power a 100 vis, 1 A beam is compressed to a 1 ns, 10 kA pulse before striking the pellet. The radiofrequency linac provides an efficient accelerator for such beams at high energy. At the low energy end of the accelerator, where space charge forces are very high, the radiofrequency quadrupole (RFQ) heavy-ion duoPIGatron source developed at the Chalk River Nuclear Laboratories2 provides an ideal plasma generator for this injector. This source has produced xenon beams of up to 100 mA with current densities of 2 over 70 mA/cm . At this current, total power consumption (arc, filament, and coil) is less than 500 W and the gas flow is approximately 1.4 atm cc/min.
Injector Description
The injector uses four plasma sources on a 10 cm square array because a single source that would provide the desired current density over a large area would require an extremely high arc power. The four sources are mounted on a common extraction and acceleration column that uses an Einzel lens to provide the required focusing. High-volta e column design techniques developed at Chalk River are used to ensure reliable operation. To provide consistent beam characteristics with different pulse lengths and duty cycles, the plasma sources operate continuously and an extraction electrode is pulsed to give the desired pulse length and duty cycle.
The plasma sources are essentially a duplicate of those developed at Chalk River, with the minor mechanical modifications to suit the rather cramped quarters. As the required current is much below the rated current of these sources, and low current operation enhances the Xe fraction, the design current density is chosen to (Fig. 1) . The-simple geometry of these shims should make shimming of the four-module source relatively straightforward. Figure 1 shows one quarter of the extraction and acceleration column and one plasma source module. The first column electrode holds the molybdenum plasma aperture plate with a 8 mm diameter shaped aperture. For convenience the potential of this plate will be defined as zero volts. The next electrode is the extraction electrode which is held at +30 V between pulses to prevent plasma flow into the column. During a pulse it is at -45 kV to extract the beam. The next electrode is part of the Einzel lens and is at -10 kV. The following electrodes are at -45, -145 and -245 kV with respect to the plasma aperture plate. The bottom electrode incorporates a magnetic electron-suppression element to prevent damage from backstreaming electrons during the pulse. As is shown, the vanes of the RFQ penetrate into the bottom of the column. The ceramics are convoluted to reduce surface tracking and are well shielded to reduce photo-electron production by bremsstrahlung radiation from backstreaming electrons. The active regions of all electrodes are of molybdenum to reduce beam-induced sparking. The outside of the column is insulated with low pressure SF6.
The extraction, focusing and acceleration optics were designed using BEAM, an ion beam extraction and acceleration modeling code being developed at Chalk River by the authors and R.A. Judd. Figure 2 shows the configuration of the central region of the electrodes and the calculated ion trajectories for a 29 mA beam. At the entrance to the RFQ, the beam is 1.3 cm diameter and slighly convergent. The extraction voltage and the voltage on the lens electrode can be varied to change the beam size and divergence as required by the final design of the RFQ.
Initial plans were to measure the beam emittance from an accel-decel mockup of the first stage since this stage, and especially the plasma surface, has the strongest effect on emittance. However the low energy and high current of the beam made it impossible to design an accel-decel column with sufficient electron suppression with the available power supplies. An estimate of the emittance can be made by extrapolation from the values measured on a 13 mA, 32 keV beam from a 5 mm diameter plasma aperture (E = 0.037 Tr mm-mrad for 96% of the beam). Constant brightness scaling would give a normalized emittance of 0.055 ar mm-mrad for 96% of the beam while a scaling with the emittance proportional to the aperture diameter gives 0.059 a mm-mrad. Both of these are well within the desired value of 0.07 ar mm-mrad for 90% of the beam.
